INTRODUCTION
Psoriasis afflicts nearly 2-3% of the world's population, including seven million Americans. 1 In addition to its cutaneous manifestations, psoriasis has been associated with arthritis, depression, and reduced quality of life. [2] [3] [4] Recent understanding has shown that as a systemic inflammatory condition, psoriasis is analogous to other immune disorders, such as systemic lupus erythematosus or rheumatoid arthritis. 5 Considering that these specific disorders have been associated with cardiovascular (CVD) and other vascular diseases, 6, 7 investigators have focused their attention on whether CVD risk factors or CVD, per se, are increased in patients with psoriasis. For many years, the treatment of psoriasis has been directed at managing both skin and joint involvement with a variety of modalities ranging from topical preparations (corticosteroids, coal tar, anthralin, tazarotene, vitamin D analogues) to phototherapy to systemic medications (methotrexate, cyclosporine, retinoids, biologics). Recently, there have been advances in the therapeutic efficacy and targeted therapy of the biologics with anti-tumor necrosis factor (TNF) class and anti-interleukin 12/23 p40 (ustekinumab). Physicians may soon have to look beyond the skin and joints to consider the impact of these systemic therapies on systemic inflammation.
We conducted a systematic review to address three specific questions related to psoriasis and CVD. First, which CVD risk factors are associated with psoriasis, independently of confounders? Second, is psoriasis associated with CVD independently of cardiovascular disease risk factors? Third, is there associated increase in mortality among patients with psoriasis?
METHODS

Data Sources and Searches
We conducted a key word search using MEDLINE, Embase, and the Cochrane Collaborations for publications from database inception through October 2009, which includes the earliest insights as well as the more recent breakthroughs and landmark publications. We limited the search to studies of human subjects and included English publications. We excluded review articles, guidelines, and case reports. Key search terms came from categories such as CVD risk factors ("diabetes mellitus," "dyslipidemia," "smoking," "hypertension," "tobacco"), systemic treatments ("methotrexate," "cyclosporine," "acitretin," "etanercept," "adalimumab," "infliximab," "efalizumab"), vascular diseases ("cardiovascular disease," "stroke," "ischemic heart disease," "peripheral vascular disease"), mortality ("mortality") and "psoriasis." The online appendix describes the search strategy in detail (Appendix). A review of bibliographies of retrieved articles yielded no additional references.
Study Selection
All studies which were classified as cohort-based, crosssectional, case-controlled, or randomized controlled trials were further evaluated. Eligible studies were original research articles that examined the association of psoriasis with at least one of the following: CVD risk factors, vascular disease, or the effect of CVD risk factors or vascular disease on mortality.
Data Extraction and Quality Assessment
Two reviewers assessed the quality of each eligible study. We used the Newcastle-Ottawa scales to assess each case control and cohort study. This scale uses a star system to judge nonrandomized studies based on three broad perspectives: the selection of the study group, the comparability of the groups, and the ascertainment of either exposure or outcome of interest for case-control or cohort studies, respectively. 8 We assessed cross-sectional studies using cross-sectional/prevalence study quality scale which grades nonrandomized studies based on 11 dichotomous (YES/NO) criteria concerning basic elements of the study's design, analysis, and completeness of data collection.We used the Jadad scale, a 5-question scale critiquing clinical trials for proper method of randomization, appropriate blinding, and accurate evaluation of withdrawals and dropouts, to evaluate randomized controlled trials.Discrepancies between the two reviewers (R.V.P. and M.L.S.) were resolved by consensus. Due to the heterogeneity of the patients, study designs, interventions, and outcomes data pooling, we were unable to perform a meta-analysis. We considered a study less prone to bias, and consequently gave it more emphasis, if a consecutive or random sample of psoriasis cases were enrolled and if a comparison group consisted of consecutive, random, or appropriately matched controls.
Data Synthesis and Analysis
Of 2,303 articles identified by the search, 165 were screened and 90 met inclusion criteria (Fig. 1) .Of the 75 excluded articles, 39 did not cover psoriasis and an outcome of interest, 21 were guidelines or reviews, and 15 were case reports. Of the 90 articles included, 15 were cohort-based, 45 were casecontrol, and 30 were cross-sectional. For each study, we characterized the design, patient data, inclusion/exclusion criteria, major outcomes, and conclusions, along with the established quality assessment. Table 1 details those studies that examined the association of psoriasis with CVD risk factors, including hyperlipidemia, hyperhomocysteinemia/elevated C-reactive protein (CRP), hypertension (HTN), diabetes mellitus type 2 (DM), obesity, metabolic syndrome (MBS), smoking, and alcohol consumption.
RESULTS
CVD Risk Factors Associated with Psoriasis
Hyperlipidemia. Nineteen of 19 studies (8 case-control, 11 cross-sectional) found an association between hyperlipidemia and psoriasis (Table 1 ). High quality data indicate that psoriasis is associated with an abnormal lipid profile and imbalance of oxidants and antioxidants. 15 Patients with a recent diagnosis of psoriasis had higher rates of new onset hyperlipidemia than controls. 16 Study subjects had higher levels of very low density lipoproteins, 17 total cholesterol and LDL, 18 and lower levels of cardioprotective high density lipoproteins (HDL). 19 Psoriatic patients also had elevated levels of lipoprotein (a) after controlling for hyperlipidemia. 21 Overall, the preponderance of data supports this association with dyslipidemia.
22-27
Hyperhomocysteinemia/Elevated C-Reactive Protein (CRP).
Six of seven studies evaluating homocysteine or CRP (6 casecontrol, 1 cohort) linked elevated levels with psoriasis (Table 1) . Mean plasma homocysteine levels were significantly higher than sex and age matched controls. 29 While Cakmak et al. 30 did not observe significant differences in homocysteine, they found that homocysteine levels correlated with Psoriasis Areas and Severity Index (PASI) in the psoriasis group. It is important to note that homocysteine may be a surrogate marker of CVD rather than an etiologic factor, as recent studies of pharmacotherapy to lower homocysteine levels have not impacted vascular outcomes. High-sensitivity CRP (hs-CRP) has proven to be a useful adjunct for global risk assessment in primary prevention of CVD. 31 In one report, nearly 30% of patients with psoriasis had high levels of hs-CRP (above 0.20 mg/dL), whereas 95% of controls had low levels of hs-CRP (less than 0.069 mg/ dL). 32 Those psoriatics with high levels have rates of myocardial infarction (MI) that are more than twice that of patients with psoriasis with low hs-CRP, suggesting that CRP has prognostic potential for acute MI in those with psoriasis. 31, 103 Hypertension. Fourteen of 16 studies (5 case-control, 11 crosssectional) found higher rates of HTN among affected cases than among controls (Table 1) .Disease duration of psoriasis was associated with increased systolic and diastolic pressures, as well as left ventricular dysfunction. 33 Other studies, many of lesser quality, have substantiated this relationship. In a study of 1,200 hospitalized patients with psoriasis, authors demonstrated an independent association with therapeuticallytreated HTN and DM. 35 They also found an increase in age and sex-adjusted risk for DM, HTN, and dyslipidemia compared to a control population. Importantly, patients may have HTN related to treatment with cyclosporine (CsA), 36 but no studies attempted to clarify this issue.
Insulin Resistance and Diabetes Mellitus, Type 2. Fourteen of 17 studies (4 case-control, 1 cohort, 12 cross-sectional) found a relationship between insulin resistance, DM, or both, and psoriasis (Table 1 ). An early study identified a higher prevalence of DM among patients with psoriasis and found higher family history of both diseases together than expected from the general population. 37 Using a database of nearly 40,000 psoriasis patients, there was an increased incidence rate of DM after controlling for age, sex, smoking, hypertension, and dyslipidemia. 38 Similarly, this increased risk for DM persisted after controlling for age, BMI and smoking in another study.
34
Of the remaining lesser quality studies, some used control groups which did not meet proper standards of comparison and had poorly matched controls. Others failed to assess the independent role of DM in relation to psoriasis.No studies considered the potential for impact of local or systemic corticosteroid treatment on rates of insulin resistance and DM.
Obesity. Seventeen of 19 studies (14 case-control, 5 crosssectional) identified a relationship between psoriasis and obesity ( Table 1) . For example, in a cohort of 550 psoriasis patients, BMI was significantly higher than that for age and sex-matched controls from the same area. 40 The median body image score of normal weight at disease onset transitioned to a perception of overweight at time of enrollment into the study, suggesting obesity follows onset of disease. Interestingly, 98 
2009
Serum cholesterol, triglycerides and LDL were higher than in the control group. There was no statistical difference in serum levels of VLDL and HDL between the two groups 7 of 11
Dreiher et al. 20 
2008
Psoriasis patients had higher prevalence of dyslipidemia after controlling for confounders. In multivariate analysis, triglycerides were higher in psoriasis patients and HDL levels were lower 7 of 11
Kimball et al. 26 
Two distinct databases were used to verify these relationships. In IMS Health database, patients with psoriasis had higher OR of CVD, CHF, DM , hyperlipidemia, HTN, ischemic heart disease , acute MI, PVD), and atherosclerosis. Based upon disease severity (presence of systemic therapy), patients with "severe" disease had higher OR for multiple clinical endpoints than "mild" disease
of 11
Naldi et al. 85 
2008
The OR of psoriasis was 0.8 (95% CI 0.5-1.3) in hypertensive subjects, 1.1 (95% CI 0.6-2.0) in diabetics and 1.1 (95% CI 0.7-1.7) in hyperlipidemic subjects. Since these chronic conditions were not significant at first diagnosis of psoriasis, the reported associations with these factors may be a late effect of the psoriatic disease process 6 of 11
Neimann et al. 27 
2006
Patients with mild psoriasis had a higher adjusted OR of DM, HTN, hyperlipidemia, obesity, and smoking than controls. Patients with severe psoriasis had a higher adjusted OR of DM, obesity, and smoking than controls. Additionally, DM and obesity were more prevalent in those with severe vs mild psoriasis
of 11
Pietrzak et al. 21 
2009
Patients with psoriasis had higher Lp(a) and lower HDL than controls. Lp(a) levels were found to be positively correlated with psoriasis severity as measured by the PASI score Psoriatics' serum levels of glucose, insulin, C-peptide and uric acid were monitored before and after treatment. All measured parameters significantly increased and dependent on the BMI. Compared with pretreatment, values of glucose and uric acid were significantly lower during therapy. The increase in the mean Cpeptide and insulin levels after treatment was constant and independent from clinical disease 5 of 9
Karabudak et al. 88 
2008
Patients with psoriasis had higher levels of total homocysteine, CRP, and ceruloplasmin, and lower levels of antithrombin-III and folic acid 6 of 9
Vanizor Kural et al. 28 
2003
Psoriasis patients had higher levels of total homocysteine, autoantibody to oxidized LDL, fibrinogen, fibronectin, and lower levels of tissue plasminogen activator, vitamin B12 and folate 7 of 9
Malerba et al. 29 
2006
Plasma homocysteine levels were higher in patients with psoriasis as compared with controls. Plasma homocysteine levels correlate directly with PASI scores. In contrast, plasma folic acid levels were lower in cases than controls and levels are inversely correlated with plasma homocysteine levels and PASI scores 8 of 9
Ohtsuka 32 2008 Occurrence rate of elevated maximum BMI in high-highest hs-CRP group was higher than those with low-moderate hs-CRP. Occurrence rates of elevated TG and elevated conventional CRP in high-highest hs-CRP were higher than in low-moderate hs-CRP 6 of 9
Rocha-Pereira et al. 89 
2004
Patients with psoriasis had higher levels of inflammatory markers including fibrinogen, ESR, and CRP. Patients with severe psoriasis had higher levels than those with mild disease 3 of 9
Cross-sectional Studies Year Clinical variables/outcomes CSQ Cakmak et al. 30 
2009
Psoriasis patients had no significant differences in total homocysteine, folate, or vitamin B12
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Coimbra et al. Women with psoriasis were at increased relative risk for development of diabetes and hypertension even after multivariate analysis controlling for other factors 8 of 9
Cross-sectional Studies Year Clinical variables/outcomes CSQ Cohen et al. 55 
2008
Multivariate models adjusting for age, gender, and smoking status of the patients demonstrated that psoriasis was associated with the metabolic syndrome, ischemic heart disease, DM, hypertension, and obesity
of 11
Gerdes et al. 35 
2008
Patients with psoriasis had higher intake of multiple medications based on National Health survey, including ARBs, diuretics, ACE inhibitors, antidiabetic agents, lipid-reducing agents, and calcium channel blockers. However, there was no increase in the intake of beta-blockers and other heart medications 5 of 11
Gladman et al. 73 
2009
In patients with psoriatic arthritis compared to controls from the Canadian Community Health Survey, the standardized prevalence ratios for MI, angina, and hypertension were increased, whereas the SPRs for CHF and CVA were not 6 of 11 90 
2007
The intima-media thickness of carotid artery was measured by ultrasound, and an oral glucose tolerance test (OGTT) was performed to calculate the homeostasis model assessment of insulin resistance (HOMA). Correlations were confirmed between BMI and HOMA as well as BMI and vessel wall thickness. Also, there was a correlation between PASI score and insulin secretion in the OGTT 4 of 9 Johnston et al. 42 2008 Serum leptin and soluble leptin receptor levels were not elevated. However, resistin, IL-1β, IL-6, CCL2, CXCL8 and CXCL9 were elevated in patients and serum resistin correlated with disease severity. Improvement after UVB treatment was accompanied by decreased serum CXCL8. In vitro, leptin and resistin could induce CXCL8 and TNF-α production by blood monocytes, and leptin also induced IL-1β and IL-1ra production 8 of 9
Kaur et al. 46 2008
Adiponectin level in normal-weight psoriasis patients was more than twice the level in healthy normal-weight controls. Overweight psoriasis patients were characterized by an increased IL-6 level, which correlated negatively with adiponectin. Glutathione redox status, inversely correlated with adiponectin and had increased oxidative stress in the overweight cases 3 of 9
McGowan et al. 47 
2008
Using two healthcare databases, there was a trend toward higher BMI in patients with psoriasis 6 of 9
Murray et al. 48 
A positive association between psoriasis severity and BMI was found. Physician's global assessment score increased with BMI. There was also a positive correlation between BMI and BSA%
of 9
Naldi et al. 49 
2005
The risk of psoriasis was higher in ex-and current smokers than in never-smokers. Frequency of psoriasis varied in relation to a family history of psoriasis in first degree relatives, BMI 26-29, and BMI≥ 30, and stressful life event score 6 of 9
Wang et al. 50 
2008
The serum leptin levels in male and female psoriatic patients were higher than those in male and female controls . The serum leptin levels in patients with psoriasis showed positive correlation with BMI, but not with age 5 of 9
Wolk et al. 41 2009 Obesity (BMI≥30 kg/m 2 ) was found to have increased OR for onset of plaque psoriasis. Further, one unit increment in BMI was associated with a 9% higher risk of disease). Disease activity of plaque psoriasis as measured by PASI was positively associated with increased body weight. Current (regular or occasional) smokers had an increased risk of psoriasis compared with never smokers 6 of 9
Wolkenstein et al. 62 
2009
In multivariate analysis, higher BMI, current and former smoking habits and beta-blocker intake were independently associated with a higher risk of psoriasis; intake of statins was associated with a decreased risk 
1995
Patients with psoriasis had increased observed incidence rate of systemic disorders as compared with expected rates, including obesity, hypertension, heart failure, and DM) 6 of 11
Herron et al. 40 
2008
Prevalence of obesity in patients within Utah Psoriasis Initiative was higher than controls. Prevalence of smoking was higher than general Utah population and the non-psoriatic population. Specifically, the prevalence for obesity and smoking were higher than controls; the prevalence of obese smokers was also found to be higher in these psoriasis patients 8 of 11 Metabolic syndrome was more common in psoriatics than in controls after the age of 40 years. They also had a higher prevalence of hypertriglyceridemia and abdominal obesity, whereas hyperglycemia, HTN, and HDL levels were similar. Although psoriasis patients were more frequently smokers, the association of psoriasis with metabolic syndrome was independent from smoking 7 of 9 58 
2007
Smoking was found to be an independent risk factor for psoriasis. There was no association between risk of psoriasis and antecedents of stress, DM, HTN, dyslipidemia, heart disease, or RA 8 of 9
Mills et al. 60 
1992
There was an association between psoriasis, current smoking status and smoking habits prior to onset of disease. There was marked dose-response relationship; the risk of psoriasis in those smoking >20 cigarettes/day was markedly elevated 7 of 9
Naldi et al. 61 1992
Family history was a risk factor for psoriasis with an adjusted OR of 18.8 for a history in parents and 3.2 for a history in siblings. Risk of psoriasis was higher for current smokers than for those who had never smoked. The adjusted OR was 2.1 for people smoking≥15 cigarettes/day. Also, there was a trend, though not significant, for increased risk of psoriasis in alcohol drinkers 7 of 9
Miot et al. 95 
2009
Prevalence of ever smoking was higher those with palmoplantar pustulosis (PPP) than psoriasis vulgaris and other dermatologic patients (NPD). Adjusted OR of PPP ever smoking compared to PV and NPD was 9.5 and 36.2, respectively 5 of 9
Poikolainen et al. 100 
1994
Before onset of the skin disease, the recalled mean number of cigarettes smoked daily was higher in psoriatics than for controls. In logistic regression analysis, psoriasis was associated with smoking, but not with alcohol intake, marital status, or social group. The OR for development of psoriasis was 3.3 for patients smoking≥20 cigarettes/day compared to nonsmokers. After onset of disease, psoriasis was associated significantly with alcohol intake, smoking, and the occurrence of negative life events 63 
2005
Patients admitted to dermatologic wards smoked more cigarettes and drank less wine than the other two groups. The number of cigarettes and the use of tranquilizers, sleeping medications, and antidepressants showed small, but significant, positive correlations with psoriasis quality of life measures
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Fortes et al. 65 
2005
High intensity of smoking (>20 cigarettes/day) vs. a lower level of consumption (≤10 cigarettes/day) was associated with a more than 2-fold increased risk of more clinically severe psoriasis. Cigarette-years, measured as the product of the intensity and duration (years) of smoking, increased the risk of clinically more severe psoriasis after adjustment for confounding factors 5 of 11 obesity was not only a risk factor for onset of psoriasis, but also increased PASI of plaque psoriasis at onset of disease. 41 Thus, the relationship between psoriasis and obesity seems to be quite complicated. Patients with the HLA-Cw6 haplotype have an increased risk for the development of psoriasis, and this risk of psoriasis is enhanced by modifiable factors such as increased BMI and elevated waist-to-hip ratios, which illustrates the complex interplay between genetic predisposition and behavior. 45 This relationship with obesity is well-described.
46-52
Metabolic Syndrome. Five of five studies (2 case-control, 3 crosssectional) found a relationship between MBS and psoriasis (Table 1) . Each publication established cohort and comparison groups with minimal levels of evident bias.MBS represents the clustering of central obesity, dyslipidemia, HTN, a prothrombotic state, and glucose intolerance, and is a strong predictor of CVD, DM, and stroke. 53 MBS may confer cardiovascular risk higher than the sum of its components, but this remains controversial. Two well-designed studies of hospital-based adults with plaquetype psoriasis found higher rates of MBS beginning at middle age (40 to 49 years) and persisting throughout life. 51, 54 In a study evaluating nearly 17,000 patients with psoriasis, the vast majority had components of MBS, and they had significantly higher prevalence of DM, HTN, and obesity as compared with controls. 55 Moreover, MBS was much more common in patients with psoriasis as compared to controls. 57 Smoking. Twenty of 21 studies (11 case-control, 1 cohort, 8 crosssectional) identified a role of smoking in development and/or severity of psoriasis (Table 1) , making this the best studied behavioral-driven CVD risk factor associated with psoriasis. High quality publications found smoking to be an independent risk factor for psoriasis, with risk of psoriasis higher in exsmokers and current smokers than never smokers. 58, 59 A marked dose-response relationship exists; the risk for development of psoriasis is highest for people smoking more than 20 cigarettes/day. 60 A similar dose-response relationship was confirmed for those smoking more than 15 cigarettes/day. 61 Lesser quality studies provide support for the hypothesis that tobacco use is associated with psoriasis, but fail to include appropriately matched comparison groups. 67 
63-68
2002
Proportion of male psoriasis patients using tobacco and alcohol was much higher than that of controls, whereas no difference was found in the females. Heavy smokers were more likely to have severe psoriasis.
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Also see: Herron (Obesity, 43), Neimann (Hyperlipidemia, 27), Sommer (HTN, 58) Alcohol Consumption Case-control Studies Year Clinical variables/outcomes NOS Jankovic et al. 68 
2009
Risk of psoriasis is higher in those who were divorced or exposed to environmental tobacco smoke at home. Alcohol consumption and family history of psoriasis are also risk factors for psoriasis. The effect of environmental tobacco smoke at home was found only in women 6 of 9
Naldi et al. 59 1999 Risk for psoriasis was higher in ex-smokers and in current smokers than those who never smoked. Smoking was associated with pustular lesions with adjusted OR 10.5 for those smoking more than 15 cigarettes per day. No significant overall association with alcohol consumption was noted after controlling for smoking habits 8 of 9
Poikolainen et al. 99 
1990
Recalled mean alcohol intake before onset of skin diseases was higher among patients with psoriasis than among controls.
In logistic regression analysis, psoriasis was associated with alcohol intake but not with coffee consumption, smoking, age, marital state, or social group. For an alcohol intake of 100 g/day compared with no intake, the OR for psoriasis was 2.2. During 12 months before examination, mean daily alcohol intake of patients with psoriasis was higher than in controls 6 of 9
Cohort Studies Year Clinical variables/outcomes NOS Poikolainen et al. 70 
1999
The all-cause standardized mortality ratio (SMR) was 1.62 for men and 1.54 for women. Among men, highest SMRs were found for alcohol psychosis and liver disease. Among women, highest SMR was for liver disease. Excess mortality was high in men and women for all causes of death directly related to alcohol 5 of 9
Cross-sectional studies CSQ Also see: Sommer (HTN, 58), Zhang (Smoking, 71), Poikolainen (Smoking, 107) Abbreviations: CSQ, Cross-sectional Study Quality; NOS, Newcastle-Ottawa Score Alcohol Consumption. Four of seven studies (4 case-control, 1 cohort, 2 cross-sectional) that investigated the role of alcohol consumption identified a significant relationship with psoriasis (Table 1 ). In general, there is a J-shaped relationship between alcohol intake and deleterious health outcomes such as HTN, stroke, and CAD, wherein small amounts may be protective and large amounts dangerous. 69 In one lesser quality review of over 6,000 hospitalized patients with psoriasis, the majority of deaths were alcohol-related. 70 The study was limited by lack of adequate comparison groups and exclusion of patients with other comorbidities associated with increased alcohol intake. Patients with psoriasis had higher rates of alcohol consumption than controls. 68 None of these studies were high quality, making this behavior-driven risk factor an area of interest for additional research. Table 2 outlines studies of atherosclerosis (subclinical CVD) and CVD types (heart disease, peripheral vascular disease (PVD), and cerebrovascular disease) in patients with psoriasis.
CVD Types Associated with Psoriasis
Atherosclerosis. Six of seven studies (4 case-control, 3 crosssectional) reported an association between atherosclerosis and psoriasis (Table 2) . Overall, the quality of studies linking psoriasis and atherosclerosis was high. An Israeli retrospective study reported the age-adjusted proportion of atherosclerosis, as well as DM, to be significantly higher in patients with psoriasis. 9 Two studies assessed sub-clinical markers of CVD in patients with psoriasis and psoriatic arthritis. 10, 11 These studies showed an increase in early atherosclerotic disease and endothelial dysfunction as measured by sonographic markers (carotid artery intima-media thickness and flow-mediated vascular dilation) as compared to healthy age, sex, ethnicity, and BMI-matched controls .
Studies with lower quality designs propose that psoriasis is an independent risk factor for subclinical atherosclerosis.
12-
Heart Disease. Twelve of 16 studies (5 case-control, 6 cohort, 5 cross-sectional) demonstrated a relationship between psoriasis and heart disease ( Table 2) , making this the best-studied vascular disease type. Initial work suggested increased rates of occlusive vascular disease in patients with psoriasis, particularly those with predisposing risk factors. 71 Recently, Gelfand et al. 72 reported that psoriasis patients had an increased adjusted relative risk for MI that is greatest in young patients with severe psoriasis, attenuates with age, and remains elevated after controlling for age, sex, DM, HTN, hyperlipidemia and smoking.High quality studies validate the prevalence of CVD morbidities in this population, establishing increased standard prevalence ratios for MI, angina, and HTN. 73 A recent inception cohort study with nested case-control analysis identified an increased risk of incident MI in patients less than 60 years old with severe disease, but failed to detect increases in strokes or TIA. 74 Similarly, in the Netherlands, patients with psoriasis did not have increased hospitalizations from ischemic heart disease. 75 To the contrary, in China, there was a higher odds ratio for the development of MI for mild and severe psoriasis, even after adjusting for age, sex, DM, HTN, hyperlipidemia, smoking and systemic therapies. 76 While it appears there is an increased risk of incident MI and heart disease in certain subsets of patients, there is a significant gap in research evidence which future prospective study may bridge.
Peripheral Vascular Disease and Cerebrovascular Disease.
Three of four studies (1 case-control, 3 cross-sectional) evaluating PVD and psoriasis and three of five (2 case-control, 1 cohort, 2 cross-sectional) for cerebrovascular disease and psoriasis reported significant relationships (Table 2) . Of these studies, only two were considered high quality, representing a critical need for research. In a study of over 3,000 psoriasis patients from the Veteran's Administration Hospital database, investigators found higher prevalence rates of ischemic heart disease, stroke and PVD, after controlling for age, sex, DM, HTN, dyslipidemia, and smoking. 79 Recent high quality work revealed an increased risk of stroke for mild and severe psoriasis. 80 In particular, severe psoriasis confers an increased risk of stroke not explained by major risk factors alone. 80 This increased risk of PVD and CVD was confirmed by another study, but analysis did not control for other risk factors. 25 While these studies suggest an increased risk for vascular disease, further prospective trials should aim to delineate the possibility of a causal relationship.
Impact of Psoriasis on CVD and Total Mortality
While psoriasis is highly associated with CVD risk factors, CVD, and other vascular diseases, only a few high quality studies have examined the effect on mortality. The majority of studies which aim to investigate mortality fail to adequately select for control groups, or solely investigate the hospitalized patient which limits generalizability. Table 3 highlights data regarding co-morbidities associated with CVD risk factor and the increase in mortality. Eight studies (6 cohort, 2 cross-sectional) investigated the effects of psoriasis on mortality (Table 3) . Early evidence stimulated research interest in this apparent CVD risk and possible increase in mortality. 71 Using the PUVA (Psoralen+ UV-A) Follow-Up Study, the incidence of and causes of death were comparable to the general population. 81 They found no increase in CVD mortality. Severe psoriasis, defined by use of systemic medications, 82 hospitalization at an early age, or repeated hospitalization, 83 has been shown by two high quality cohort studies to increase the risk of death. These patients with severe disease have increased mortality, which persisted after adjustment for DM, HTN, BMI, and smoking and after exclusion of patients with inflammatory arthropathy. 82 In contrast, mild psoriasis had no effect. In a multivariate analysis, psoriasis was an independent risk factor for all-cause mortality, even after controlling for CVD risk factors and vascular disease. 79 Moreover, there are increased standardized mortality ratios for men and women with PsA. 84 
Comment
The preponderance of available evidence confirms that CVD risk factors such as hyperlipidemia, hyperhomocysteinemia, elevated CRP, HTN, DM, obesity, MBS, and smoking are more prevalent among patients with psoriasis than in the general 71 1978 In each age/sex group of patients with psoriasis, the rates of occurrence of occlusive vascular disease were higher in predisposed psoriatic patients than in predisposed non-psoriatic patients 6 of 9
Gonzalez-Juanatey et al. 78 2006 In PsA patients, frequency of aortic and tricuspid and mitral regurgitation was not different than matched controls. Also, pulmonary artery systolic pressure was normal in PsA patients. Prevalence of diastolic dysfunction was similar in PsA patients and controls 8 of 9
Ludwig et al. 2009 Overall, crude incidence rates of MI, stroke, and TIA were similar among patients with or without psoriasis. However, adjusted OR of developing MI for patients with psoriasis aged<60 years was elevated compared with patients without psoriasis, while OR for patients aged>or=60 years was not 8 of 9
Gelfand et al. 72 2006 The incidence of myocardial infarction per 1000 person-years was increased in patients with mild and severe psoriasis, both in young and older populations, though the risk in older populations was less 8 of 9
Lindegard et al. 102 1986 Psoriasis cases are associated with a spectrum of diseases: male as well as female psoriatics seem to show excess rates of viral infections, alcoholism, hypertension, pneumonia, liver cirrhosis, urticaria, and rheumatoid arthritis. Psoriasis in males only seem to be associated with iritis and ankylosing spondylitis, whereas psoriasis in females only is associated with lung cancer, diabetes, obesity, myocardial infarction and asthma
of 9
Markuszeski et al. 92 2006 Heart rate was significantly higher both during the day and at night in patients with psoriasis vulgaris than in the control group. There was a positive correlation between the increased heat rate, both during the day and at night, in psoriatic patients and severity of the disease expressed as PASI. Single supraventricular beats were significantly more frequently observed in psoriatic patients vs. the control group 5 of 9
Wakkee et al. 75 2009 Psoriasis patients and controls had similar rates of ischemic heart disease per 100,000 person-years. The age-and gender-adjusted risk of IHD was comparable between both cohorts. Before cohort entry, psoriasis patients used more antihypertensive, antidiabetic, and lipid-lowering drugs and were more often hospitalized. Adjusting for these confounders decreased HR for IHD, but it remained comparable 7 of 9 population. Emerging data indicate increased rates of heart disease independent of traditional CVD risk factors; however, data are limited for cerebrovascular and peripheral vascular disease. It remains a challenge to properly adjust for confounding factors and independently assess the role of a particular CVD risk factor or disease type, as many risk factors are common to both patients with psoriasis and with CVD. Specifically, smoking, alcohol, and obesity are relevant risk factors that are associated with increased risk of both psoriasis and CVD. Residual confounding is likely, whereby a true causal link between psoriasis and vascular disease cannot be clearly defined. High quality studies perform multivariate analysis to adjust for these factors, but the overall data quality is limited by heterogeneity. Retrospective studies based upon expansive healthcare databases have large sample sizes, but the majority of prospective investigations are limited by smaller numbers of patients. This again highlights the great need for larger prospective collection of clinical data.
Along with this increase in vascular disease, patients with psoriasis appear to have an increase in mortality. It seems plausible that these vascular diseases may be a significant contributor to this increase, but data are insufficient data to confirm this. The majority of studies that report mortality rates are biased by restriction to hospitalized patients, thus limiting generalizability. Several high quality studies did report higher mortality in younger patients with more severe psoriasis. However, the determination of disease severity relied upon systemic treatments and/or hospitalizations rather than PASI or PGA scores. There does appear to be an overall trend towards an increase in mortality.
It is possible that systemic medications used in the treatment of psoriasis may worsen some cardiovascular risk factors, and could be one mechanism for the observed increase in CVD. Of course, it is also plausible that these same systemic medications may reduce systemic inflammation in and improve comorbidities. The available data do not allow a determination of the impact of systemic therapy on CVD rates.
Based on the available data, it appears that patients with psoriasis have an increased risk for the development of CVD risk factors. At the next level, that of development of vascular disease, there remains much controversy. Psoriasis has significant associations with coronary artery, peripheral vascular 82 2007 There was no overall effect of mild psoriasis on mortality, whereas patients with severe psoriasis demonstrated increased overall mortality risk. The association of severe psoriasis with mortality persisted after adjustment for risk factors for mortality and after exclusion of patients with inflammatory arthropathy. Male and female patients with severe psoriasis died 3.5 and 4.4 years younger than patients without psoriasis 7 of 9
Mallbris et al. 83 2004 Using the Swedish Inpatient Registry, there appeared to be no increased cardiovascular mortality among outpatients with psoriasis. Overall risk among inpatients admitted at least once was increased by 50%. Cardiovascular mortality was higher among those admitted at younger ages, specifically for patients aged 20 to 39 years at first admission 7 of 9
Shbeeb et al. 93 2000 Based upon a cohort of patients drawn from community database with psoriatic arthritis, survival was not significantly different from the general population. However, their analysis may exclude patients with severe arthritis who were seen in the hospital setting 5 of 9
Stern et al. 81 1988 Using the Psoralen and UV-A follow-up study, the incidence of death and causes of death were comparable to those expected in the general population. There was no increase in cardiovascular mortality observed, but they found that cirrhosis caused more deaths among their cohort than in the general population) 7 of 9
Wong et al. 84 1997 The 4 leading causes of death observed in patients with PsA were diseases of the circulatory or respiratory systems, malignant neoplasms, , and injuries/poisoning. Specifically, 27.6% of patients died from MIs, 4.3% from CVAs, and 4.3% from congestive heart failure and arteriosclerosis. The SMR for the female cohort was 1.59 and the men 1.65. However, deaths from circulatory diseases did not appear to differ significantly from those expected in the general population 7 of 9 Also see: Poikolainen (Alcohol Consumption, 74) Cross-sectional Studies Year Clinical variables/outcomes CSQ Gladman et al. 94 1998 Patients with psoriatic arthritis had an increased risk of death, after adjustment for age and sex, compared with the general population of Ontario. The combined standardized mortality ratio (SMR) for both men and women was estimated to be 1.62, with an associated confidence interval of 1.21-2.12.
For women, the SMR was 1.59, and for men, it was 1.65, indicating a 59% and 66% increase in the death rate among female and male patients with PsA, respectively.
of 11
Prodanovich et al. 79 2009 After controlling for risk factors, patients with psoriasis had a higher prevalence of ischemic heart disease, cerebrovascular, and peripheral vascular disease . Psoriasis was also found to be an independent risk factor for mortality 9 of 11
Abbreviations: CSQ, Cross-sectional Study Quality; NOS, Newcastle-Ottawa Score and cerebrovascular disease in large cross-sectional studies. Yet, these epidemiologic associations do not yet confirm causal relationship. We suggest a paradigm shift to focus on psoriasis as a systemic inflammatory disease. Much like rheumatoid arthritis 104 and systemic lupus erythematosus 105 , patients with psoriasis and psoriatic arthritis have increased levels of interleukins and proinflammatory cytokines that may be a pathophysiologic link to atherosclerosis and vascular disease. 106 While this inflammatory milieu is a plausible basis for these associations, it remains possible that other, yet undiscovered, explanations may exist. At a minimum, these observations suggest that clinicians should be vigilant about identifying and treating CVD risk factors in this population. This observational research provides important insights into caring for patients with psoriasis. Clinical screening and treatment guidelines are needed to advise the dermatologist, cardiologist, internist, and patient on the optimal identification and management of CVD risk factors in patients with psoriasis. Future research should study the extent to which systemic treatments may improve CVD outcomes and mortality in this population.
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